All relevant data are within the manuscript and its Supporting Information files.

Introduction {#sec001}
============

Honeysuckle is a kind of herbal plant with many species and widely used and grown in northern hemisphere countries \[[@pone.0237881.ref001]\]. It has been consumed as traditional medicine and tea beverage for thousands of years \[[@pone.0237881.ref002]\]. In addition to the treatment of pneumonia and respiratory infections, and the improvement of consumers' health, honeysuckle possesses anti-inflammatory, antioxidant, and antiviral properties \[[@pone.0237881.ref003],[@pone.0237881.ref004]\]. For this reason, it has been gradually added into foods and beverages to improve product value and to provide adjuvant therapy \[[@pone.0237881.ref005],[@pone.0237881.ref006]\]. Recently, the aroma of herbal plants in food products has also increasingly gained popularity and consumer acceptance around the world \[[@pone.0237881.ref007]\]. Key aroma profiles helps to distinguish the different species and determines the quality of honeysuckle. At present, the quality of honeysuckle is evaluated by professional tasters that causes inconsistent and inaccurate results \[[@pone.0237881.ref008]\]. Therefore, a systematic study of the volatile compositions of different species, parts and origins of honeysuckle was conducted in this study.

The selection of an appropriate extraction method is a prerequisite to study volatile compounds in honeysuckle. The complex plant matrix requires the development of various sample preparation approaches to address the issue of sample complexity \[[@pone.0237881.ref009]\]. Some solvent extraction methods operate under high temperatures and use toxic organic solvents that are prone to thermal reactions and cause adverse effects to environment. In comparison, headspace-solid phase microextraction (HS-SPME) is a relatively low-temperature, solvent-free, and rapid approach \[[@pone.0237881.ref010]\]. For this reason, it is a popular method applied in the food matrix of natural materials \[[@pone.0237881.ref011],[@pone.0237881.ref012]\]. HS-SPME is suitable for the isolation of highly volatile compounds. In comparison to HS-SPME, solvent-assisted flavour evaporation (SAFE) is able to extract less volatile and a greater range of polar compounds from complex matrices \[[@pone.0237881.ref013]\]. By applying high vacuum and low-temperature conditions, SAFE avoids aroma modification during the extraction of heat-liable aroma compounds from natural materials \[[@pone.0237881.ref014]\]. Besides, SAFE reduces the number of side reactions that may occur during aroma isolation, such as enzymatic degradation \[[@pone.0237881.ref015]\]. Hence, these two extraction methods are suitable for isolating volatile compounds from natural materials.

The potency of the aroma is often not proportionate to its peak area detected by chromatography-mass spectrometry (GC-MS) because many high abundance compounds may have a high odor threshold and thus do not serve as key odorants in the overall matrix \[[@pone.0237881.ref016]\]. Hence, it was difficult to distinguish between the aromas of different honeysuckle species using the volatile characteristics alone. As well known, aroma extract dilution analysis (AEDA) has been widely used to fill this gap by suggesting the contribution of each compound through the flavour dilution (FD)-factor \[[@pone.0237881.ref017]\]. The key odorants detected by AEDA may then be used to better describe the characteristic aroma of honeysuckle, and has the added potential to distinguish different species of honeysuckle.

Therefore, the objective of this study was to extract the volatile compounds in various honeysuckles using HS-SPME in conjunction with SAFE, both coupled to GC-MS/FID. Furthermore, their key odorants were identified using AEDA. Lastly, principal component analysis (PCA) was performed to show the differences in the aromatic profiles of honeysuckle samples from different species, origins, and parts of the plants.

Materials and methods {#sec002}
=====================

Sample preparation {#sec003}
------------------

Two main species of honeysuckle flowers are *Lonicera japonica Flos* (Jinyinhua) and *Lonicera Flos* (Shanyinhua) \[[@pone.0237881.ref018]\]. The stems of honeysuckle are also commonly used as medicine \[[@pone.0237881.ref006]\]. All of the flowers and stems of honeysuckle belong to the family of *Caprifoliaceae* \[[@pone.0237881.ref019]\] and contain similar chemical constituents \[[@pone.0237881.ref006]\], but they cannot be used interchangeably. With the help of Hubei Provincial Hospital of Traditional Chinese Medicine, six common honeysuckle samples with permit number 20160077 were purposefully selected for this study. These are flowers of honeysuckle: *Lonicera japonica Flos* (LJF, Pingyi County, Shandong province, China) and *Lonicera Flos* (LF, Longshan County, Hunan province, China), stems of *Lonicera japonica*: *Lonicera japonica Caulis* (LJC, Pingyi County, Shandong province, China), and stems of *Lonicera*: *Lonicera Caulis* (LC, Longshan County, Hunan province, China). In addition, LJF from Fengqiu County, Henan province, China and LF from Enshi County, Hubei province, China were also complemented for PCA to compare the differences between origins. All samples were packed in heat-seal vacuum aluminium foil bags for every 100 g portion sand stored in a 5°C refrigerator. The aluminium foil bag can isolate the external humidity, and all samples were used within one week after repacking.

HS-SPME procedure {#sec004}
-----------------

The HS-SPME procedure was conducted as described in our previous publication \[[@pone.0237881.ref020]\]. Two different sample preparation methods, namely dry and brewed, were applied in this study. In the dry method, 0.200 g of LJF (Shandong or Henan), LF (Hunan or Hubei), LC, or LJC was weighed (d = 0.001 g and max 620 g, Mettler Toledo, America) and added directly in a glass headspace vial with a PTFE-coated silicone septum (Agilent, California, USA). The brewed honeysuckle was prepared by adding 20.000 g of honeysuckle in 200.000 g of 80°C Ultrapure water (Human Corporation Arioso Power Series, Seoul, South Korea). The optimal brewing conditions were determined to be 80°C and 30 min (results not shown here). After brewing, the mixture was filtered through a metal sieve and chilled in an ice bath for 10 min. The cooled filtrate (2.000 g) was then transferred into a headspace vial. A Supelco 85 μm Carboxen/Polydimethylsiloxane (CAR/PDMS) fibre (Pennsylvania, USA) was used to extract volatiles from headspace vial at designated extraction temperatures (40, 60, and 80°C) and extraction times (5, 30, and 60 min). Finally, the fibre was inserted in the GC injector for the subsequent GC analysis.

SAFE procedure {#sec005}
--------------

Brewed honeysuckle was prepared similarly as described above but in this case 60.000 g of sample was added in 600.0 g of 80°C Ultrapure water was weighed by the balance (d = 0.1 g and max 8200). After brewing at 80°C for 30 min, the mixture was filtered through a metal sieve and chilled in an ice bath for 10 min. The chilled filtrate (300 mL) was then transferred into a 500 mL beaker. An internal standard solution (0.060 g) was added to the filtrate and stirred for 5 min. The internal standard solution was prepared as follows: 0.300 g butyl butyryl lactate (VWR, Pennyslvania, USA), which was found not to coelute with other volatile compounds in honeysuckle in both MS and FID chromatograms, was added in 250 mL volumetric flask, then dilute to volume with ethanol (VWR, Pennyslvania, USA). The formula for calculation of the concentration of each compound was shown in Eq ([1](#pone.0237881.e001){ref-type="disp-formula"}). The extraction conditions of SAFE was adapted from our previous work, with minor modifications \[[@pone.0237881.ref021]\]. The extraction conditions of SAFE (Glasbläserei Bahr, Germany) were 5 × 10^−6^ mbar, the pressure was maintained by Edwards PFPE RV3 rotary vane pump (West Sussex, UK) and Edwards Diffstak diffusion pump (West Sussex, UK), and the water bath temperature was 40°C.

![](pone.0237881.e001.jpg){#pone.0237881.e001g}
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GC-MS/FID analysis {#sec006}
------------------

Analytes quantitation and identification analysis were conducted by Agilent 7890B GC equipped with a flame ionisation detector (FID) and Agilent 5977B mass selective detector (MSD) (California, USA). CTC CombiPAL autosampler (Zwingen, Switzerland) was employed to insert samples into GC injector. GC column was Agilent HP-INNOWax column (60 m × 250 μm × 0.25 μm) (Woodbridge, USA). The GC conditions used were injector temperature 250°C; splitless mode; helium carrier gas; column flow rate 1.2 ml/min; FID temperature was 300°C; EI mode was 70 eV. The temperature gradient in the GC oven was 50°C for 5 minutes, increased to 240°C at rate of 5°C/min, and held at 240°C for 40 minutes. In-house and NIST 14 MS libraries (Connecticut, USA) were applied to identify the eluted compounds by matching the mass spectra, and further confirmed with the linear retention indices (LRI) of in-house standard compounds. LRI values of the HP-INNOWax column were calculated by a mixture of Supelco C7-40 alkanes (VWR, Pennsylvania, USA). Alkane standard and pure standards were run under the same conditions with the sample. All experiments were carried out in triplicate, and the results were reported as mean values of the peak area of each compound extracted by HS-SPME and mean values of concentration of each compound extracted by SAFE.

AEDA {#sec007}
----

For the AEDA analysis, the SAFE concentrates of LJF, LF and LJC were diluted stepwise with dichloromethane (VWR; Pennyslvania, USA) at 5^n^ (n = 0, 1, 2, 3, and so on). Each dilution was sniffed and evaluated via GC-O by four experienced flavourists (2 male and 2 female; aged 26--50). Gas chromatograph-olfactometry (GC-O) conditions were referred from our previous study \[[@pone.0237881.ref022]\]. All GC-O panellists had experience in conducting GC-O analyses before this study. The odor of each compound was described by these panellists. The strength of each compound was represented by their flavour dilution factor (FD-factor), which was the highest dilution at which nothing could be smelled at the GC-O port. Compounds corresponding to each odor were identified by injection of pure standards under the same GC-O condition.,

Data processing and statistical analysis {#sec008}
----------------------------------------

Student's *t*-test was performed to test the significance level of the difference between samples at two different conditions. Data of key aroma compounds obtained from AEDA was processed by PCA in the R programming language. The data was processed and transformed with data.table and magrittr packages and visualized them with ggplot2, ggbiplot, and patchwork packages.

Results and discussion {#sec009}
======================

The selection of HS-SPME extraction conditions {#sec010}
----------------------------------------------

It is critical to select the extraction conditions (temperature and time) for natural materials. That is because high temperature and long-time extraction could destroy their volatile compounds, while lower temperatures and shorter extraction times could lead to poor sensitivity and recovery \[[@pone.0237881.ref023],[@pone.0237881.ref024]\]. Therefore, different extraction temperatures (40, 60, and 80°C) and extraction times (5, 30, and 60 min) were applied to study the effects of extraction conditions on the release of volatile compounds from honeysuckle (both dry and brewed).

As reported in the literature \[[@pone.0237881.ref025]--[@pone.0237881.ref028]\], hexanal, *cis*-3-hexenol, acetic acid, benzyl alcohol, and *β*-ionone were important compounds in honeysuckle. Hence, they were chosen as indicators for the effect of extraction temperatures on both dry and brewed LJF. In [Fig 1(A)](#pone.0237881.g001){ref-type="fig"}, the peak area of hexanal, acetic acid, and *β*-ionone increased with the increase of temperature but decreased after 60°C. Other aldehydes (e.g. 2-butenal, heptanal, *trans*-2-hexenal, and benzaldehyde) exhibited a similar trend. For *cis*-3-hexenol and benzyl alcohol, an increase in temperature resulted in the higher peak areas, which was observed for other alcohols such as geraniol, octanol, and 2-phenylethyl alcohol. Hence, alcohols were easier to be detected at the higher temperatures in dry honeysuckle.

![Extraction temperature profiles of volatile compounds in *Lonicera japonica Flos* extracted by using HS-SPME for 30 min: (a) Dry *Lonicera japonica Flos*; (b) brewed *Lonicera japonica Flos*. Star signs are given according to *t*-test *p* values (\*: 0.01≤*p*\<0.05, low significance; \*\*: 0.001≤*p*\<0.01, medium significance; \*\*\*: *p*\<0.001, high significance).](pone.0237881.g001){#pone.0237881.g001}

The peak areas of the selected compounds after brewing are shown in [Fig 1(B)](#pone.0237881.g001){ref-type="fig"}. Hexanal and other aldehydes such as 2-butenal, heptanal, *trans*-2-hexenal, and benzaldehyde showed an inverse trend compared to dry LJF. Hence, aldehydes were a little bit harder to be detected at a higher temperature in brewed honeysuckle. When the temperature was gradually increased from 40°C to 80°C, the peak areas of the most alcohol compounds showed high significant increase, except *cis*-3-hexenol, which reached the greatest peak area at 60°C. *cis*-3-Hexenol appeared to stop rising at 60°C, accompanied by increments in geraniol and β-ionone in samples after brewing, which is similar to the previous study \[[@pone.0237881.ref029]\], which may be the result of thermally-related reactions. The peak areas of acetic acid and *β*-ionone had the same trends as the peak areas increase when the extraction temperature was above 60°C. Compared to dry honeysuckle extraction, acetic acid was more difficult to be isolated in brewed honeysuckle.

[Fig 2](#pone.0237881.g002){ref-type="fig"} shows the peak areas of major volatile compounds in dry and brewed LJF at various extraction times at 80°C. In [Fig 2(A)](#pone.0237881.g002){ref-type="fig"}, hexanal, *cis*-3-hexenol, and acetic acid were found to have the highest peak areas at 30 min, while benzyl alcohol and *β*-ionone recorded their respective highest peak areas at 60 min in dry LJF. For brewed LJF ([Fig 2(B)](#pone.0237881.g002){ref-type="fig"}), an extraction time of 30 min resulted in the greatest peak areas for *cis*-3-hexenol, acetic acid, and *β*-ionone. The peak area of benzyl alcohol was the highest with a 60 min extraction time, similar to dry LJF. Hexanal exhibited a unique trend. When the extraction time increased from 5 min to 30 min, the peak area of hexanal significantly decreased (*p*\<0.001), and as the extraction time increased from 30 min to 60 min, the peak area of hexanal significantly increased (*p*\<0.001). This phenomenon may be due to the hydration of hexanal and it could be fully extracted at low temperature \[[@pone.0237881.ref021]\].

![Extraction time profiles of volatile compounds in *Lonicera japonica Flos* extracted by using HS-SPME at 80°C: (a) Dry *Lonicera japonica Flos*; (b) Brewed *Lonicera japonica Flos*. Star signs are given according to *t*-test *p* values (\*: 0.01≤*p*\<0.05, low significance; \*\*: 0.001≤*p*\<0.01, medium significance; \*\*\*: *p*\<0.001, high significance).](pone.0237881.g002){#pone.0237881.g002}

The trends of each compound in dry LJC and LJC after brewing were similar to dry LJF and LJF after brewing. Hence, the results of the LJC were not shown in this study. Most of the volatile compounds in dry and brewed honeysuckle generally increased with the increase of temperature and had the greatest peak area at 30 min. Therefore, 80°C and 30 min were chosen as the extraction conditions both in dry and brewed samples for further analysis.

Volatile profiles of different species and parts of honeysuckle by HS-SPME {#sec011}
--------------------------------------------------------------------------

Following the selection of HS-SPME extraction conditions, dry and brewed LJF, LF, LJC, and LC were analysed by GC-MS/FID under HS-SPME conditions of 80°C and 30 min. One hundred and two compounds were tentatively identified using HS-SPME-GC-MS and shown in [Fig 3](#pone.0237881.g003){ref-type="fig"}. Higher volatile compounds were preferentially found, such as some aldehydes, limonene, *γ*-terpinene and terpinolene. The results are shown in [S1 Table](#pone.0237881.s001){ref-type="supplementary-material"}. The most abundant compounds in dry LJF were 2-butenal, hexanal, hexanol, *cis*-3-hexenol, acetic acid, benzaldehyde, octanol, benzyl alcohol, and 2-phenylethyl alcohol, etc., and these compounds have also been reported by Wang et al. \[[@pone.0237881.ref030]\]. The main compounds in brewed LJF were almost the same as those in dry LJF. However, the abundances of the same compounds were different in brewed and dry LJF. For example, the peak areas of aldehydes and acetic acid in brewed LJF were lower while alcohol compounds were greater when compared to dry LJF. The abundance differences were likely due to the different sample matrix. The changes of volatile compounds of LF were similar to LJF. Although hexadecenoic acid and octadecanoic acid were reported to be the quantitatively highest compounds in *Lonicera Flos* \[[@pone.0237881.ref031]\], they were not detected in our study. This might be due to the different extraction methods, such as microwave, hydro distillation, and ultrasound, it used. These methods cause thermal reactions or decomposition during extraction. Some terpenes (e.g. *α*-copaene, *α*-cubebene, *γ*-muurolene, and *α*-muurolene) were detected in dry LJC and LC but not in brewed stem and flower samples. Until now, there have been few studies on volatile compounds of honeysuckle, but they only focused on one species such as LJF or LF \[[@pone.0237881.ref025],[@pone.0237881.ref030]\]. Few studies have been conducted to differentiate the volatile compounds in honeysuckle flower of two species, or in the different parts of a single species \[[@pone.0237881.ref006],[@pone.0237881.ref032]\]. Hence, volatile compounds in various honeysuckles and different status may provide different aroma spectrum when they were added in food products.

![GC-MS/FID chromatogram of *Lonicera japonica Flos* (Shandong) extracted by HS-SPME at the extraction conditions of 80°C and 30 min.\
The numbers of each peak correspond to the compounds in [S1 Table](#pone.0237881.s001){ref-type="supplementary-material"}.](pone.0237881.g003){#pone.0237881.g003}

Volatile profiles of different species and parts of honeysuckle extracted by SAFE {#sec012}
---------------------------------------------------------------------------------

LJF, LF, LJC, and LC were isolated at 40°C water bath by SAFE. [S2 Table](#pone.0237881.s002){ref-type="supplementary-material"} listed one hundred and eight compounds across all honeysuckle species, such as hexanal, 1-octen-3-ol, benzaldehyde, and eugenol, and these compounds were reported by literature \[[@pone.0237881.ref032]\]. SAFE was a complementary extraction method to HS-SPME due to its success in extracting higher polar compounds, higher molecular weight, and less volatile compounds such as eugenol, decanoic acid, and vanillin. SAFE is a modified distillation technique conducted under low-temperature and high-vacuum conditions, which aims to reduce the degradation of heat-sensitive volatiles and generation of artifacts as compared to other extraction methods like simultaneous distillation extraction (SDE) and hydro-distillation. When the extraction is performed using SDE, many linalool derivatives such as linalool oxides (furanoid and pyranoid) \[[@pone.0237881.ref025]\] as well as esters (bornyl actate, methyl hexadecanoate and methyl linolenate) \[[@pone.0237881.ref033]\] were detected. All these volatiles might be the result of thermal reactions during the SDE extraction process. Volatile compounds with lower boiling points such as pentanal, hexanal, trans-2-pentenal, and heptanal could not be detected by hydro-distillation \[[@pone.0237881.ref034]\] due to volatilisation during extraction. Therefore, the volatile compounds isolated by SAFE minimises the modification of volatiles in honeysuckle to obtain a more representative aroma extract.

Key odorants of honeysuckle {#sec013}
---------------------------

Thirty-six odorants were identified in LJF, LF, and LJC ([Table 1](#pone.0237881.t001){ref-type="table"}). These odorants with the highest FD-factors had sweet, floral, fruity, burnt, phenolic, and vanilla-like odor qualities. Benzaldehyde (bitter almond, burnt sugar; FD-factor: 625), 4-ethyl phenol (phenolic, smoky; FD-factor: 625), decanoic acid (sour, citrus; FD-factor: 625) and vanillin (vanilla, sweet; FD-factor: 625) were detected at the highest FD-factors in LJF. In LF, 3-methyl-2-butenal (fruity, sweet; FD-factor: 625) and *β*-ionone (seaweed, floral; FD-factor: 625) were the most potent odorants by FD-factor. The highest FD-factors in LJC was 125, and these odorants were *γ*-octalactone (sweet, waxy; FD-factor: 125), 4-ethyl phenol (phenolic, smoky; FD-factor: 125) and vanillin (vanilla, sweet; FD-factor: 125).

10.1371/journal.pone.0237881.t001

###### Key odorants (flavour dilution factor ≥ 1) with their respective flavour dilution factors in SAFE extracts of *Lonicera japonica Flos*, *Lonicera Flos* and *Lonicera japonica Caulis*.

Olfactometric detection was conducted by four flavourists.

![](pone.0237881.t001){#pone.0237881.t001g}

  ------------------------ --------------------------------- ------------------------------------------------- ------------------------------------------------ ---------------------------------------------------- --------------------------------------------------------------- ------------------------------------------------------ ----- ------------
  No.                      Compound                          Expt. LRI[^†^](#t001fn002){ref-type="table-fn"}   Ref. LRI[^‡^](#t001fn003){ref-type="table-fn"}   Odor quality[^§^](#t001fn004){ref-type="table-fn"}   Flavour dilution factor[^∥^](#t001fn005){ref-type="table-fn"}   Identification[^⊥^](#t001fn006){ref-type="table-fn"}         
  Lonicera japonica flos   Lonicera flos                     Lonicera japonica Caulis                                                                                                                                                                                                                                                             
  1                        2-Butenal                         1051                                              1047                                             floral                                               25                                                              125                                                    \-    MS, LRI, O
  2                        *trans*-2-Pentenal                1137                                              1127                                             fruity, green                                        \-                                                              125                                                    \-    MS, LRI, O
  3                        Butanol                           1141                                              1142                                             sweet, whiskey                                       \-                                                              \-                                                     25    MS, LRI, O
  4                        1-Penten-3-ol                     1155                                              1159                                             horseradish, green                                   \-                                                              125                                                    \-    MS, LRI, O
  5                        3-Methyl-2-butenal                1202                                              1215                                             fruity, sweet                                        \-                                                              625                                                    \-    MS, LRI, O
  6                        *trans*-2-Hexenal                 1224                                              1216                                             green                                                \-                                                              5                                                      \-    MS, LRI, O
  7                        3-Methyl pyridine                 1292                                              1292                                             green, earthy                                        25                                                              5                                                      5     MS, LRI, O
  8                        *trans*-2-Heptenal                1330                                              1323                                             Vegetable, green                                     \-                                                              25                                                     \-    MS, LRI, O
  9                        *cis*-3-Hexenol                   1380                                              1382                                             green, cut grass                                     5                                                               5                                                      \-    MS, LRI, O
  10                       *trans*-2-Octenal                 1433                                              1429                                             waxy, green                                          \-                                                              125                                                    \-    MS, LRI, O
  11                       Heptanol                          1448                                              1453                                             herbal, green                                        5                                                               5                                                      \-    MS, LRI, O
  12                       Furfural                          1469                                              1461                                             sweet, woody                                         \-                                                              \-                                                     25    MS, LRI, O
  13                       *trans*,*trans*-2,4-Heptadienal   1501                                              1495                                             vegetable, green                                     \-                                                              5                                                      \-    MS, LRI, O
  14                       1-(2-Furanyl)-ethanone            1512                                              1499                                             sweet, caramel                                       \-                                                              25                                                     \-    MS, LRI, O
  15                       Benzaldehyde                      1537                                              1520                                             bitter almond, burnt sugar                           625                                                             5                                                      \-    MS, LRI, O
  16                       Linalool                          1537                                              1547                                             floral, green                                        \-                                                              25                                                     \-    MS, LRI, O
  17                       Octanol                           1549                                              1557                                             waxy, green                                          5                                                               \-                                                     5     MS, LRI, O
  18                       *trans*,*cis*-2,6-Nonadienal      1584                                              1584                                             green, cucumber                                      \-                                                              \-                                                     5     MS, LRI, O
  19                       *γ*-Butanolactone                 1637                                              1632                                             caramel, sweet                                       5                                                               \-                                                     5     MS, LRI, O
  20                       1-Nonanol                         1646                                              1660                                             floral, rose                                         \-                                                              5                                                      \-    MS, LRI, O
  21                       *α*-Terpineol                     1696                                              1697                                             woody, floral                                        25                                                              25                                                     5     MS, LRI, O
  22                       *γ*-Hexanolactone                 1723                                              1694                                             sweet, herbal                                        125                                                             125                                                    25    MS, LRI, O
  23                       1-Phenethyl alcohol               1801                                              1801                                             fresh, sweet                                         5                                                               \-                                                     5     MS, LRI, O
  24                       Hexanoic acid                     1840                                              1846                                             sour, cheese, fatty                                  5                                                               5                                                      1     MS, LRI, O
  25                       Guaiacol                          1861                                              1861                                             phenolic, smoky                                      5                                                               \-                                                     25    MS, LRI, O
  26                       Benzyl alcohol                    1879                                              1870                                             sweet, floral                                        5                                                               25                                                     \-    MS, LRI, O
  27                       *γ*-Octalactone                   1930                                              1910                                             sweet, waxy                                          \-                                                              \-                                                     125   MS, LRI, O
  28                       2-Phenethyl alcohol               1914                                              1906                                             honey, rose                                          5                                                               25                                                     5     MS, LRI, O
  29                       *β*-Ionone                        1971                                              1971                                             seaweed, floral                                      125                                                             625                                                    25    MS, LRI, O
  30                       Phenol                            2004                                              2000                                             phenolic, plastic, rubbery                           25                                                              \-                                                     5     MS, LRI, O
  31                       Pantolactone                      2029                                              2029                                             candy                                                5                                                               125                                                    25    MS, LRI, O
  32                       *γ*-Nonalactone                   2041                                              2024                                             coconut, creamy                                      \-                                                              \-                                                     5     MS, LRI, O
  33                       4-Ethyl phenol                    2179                                              2187                                             phenolic, smoky                                      625                                                             125                                                    125   MS, LRI, O
  34                       2-Methoxy-4-vinyl phenol          2197                                              2212                                             woody                                                5                                                               25                                                     25    MS, LRI, O
  35                       Decanoic acid                     2262                                              2276                                             sour, citrus                                         625                                                             \-                                                     \-    MS, LRI, O
  36                       Vanillin                          2578                                              2568                                             vanilla, sweet                                       625                                                             125                                                    125   MS, LRI, O
  ------------------------ --------------------------------- ------------------------------------------------- ------------------------------------------------ ---------------------------------------------------- --------------------------------------------------------------- ------------------------------------------------------ ----- ------------

\'-\' Means compounds were not detected.

^†^Expt. LRI: linear retention index on an HP-Innowax column relative to C7-C40 alkane standards.

^‡^Ref. LRI: Reference retention index values from literature: NIST 14 MS library.

^§^Odor quality of compounds described by flavourists.

^∥^Flavour dilution-factor refers to the highest dilution at which the compound can be detected by at least three flavourists.

^⊥^Identification methods: MS = Comparison with mass spectrum of the compound in the NIST library version 2.2; LRI = Comparison of retention index with that of the compound in the NIST library version 2.2; O = Comparison of the retention time and odor quality of the eluted compound with standard.

Some odorants were found to be unique to a particular honeysuckle species. For example, decanoic acid (sour, citrus; FD-factor: 625) showed the highest FD-factors in LJF, but it was not detected in LJC and LF. 1-Penten-3-ol (horseradish, green; FD-factor: 125), 3-methyl-2-butenal (fruity, sweet; FD-factor: 625), *trans*-2-octenal (waxy, green; FD-factor: 125) had high FD-factors in LF, but were not found to be key odorants in LJF and LJC. On the other hand, *γ*-octalactone (sweet, waxy; FD-factor: 125) had the highest FD-factor in LJC but it was not detected in LJF and LF. Besides that, *trans*-2-hexenal (green; FD-factor: 5), *trans*-2-heptenal (vegetable, green; FD-factor: 25), *trans*, *trans*-2,4-heptadienal (vegetable, green; FD-factor: 5), 1-(2-furanyl)-ethanone (sweet, caramel; FD-factor: 25), linalool (floral, green; FD-factor: 25) and 1-nonanol (floral, rose; FD-factor: 5) were only detected in LF, while butanol (sweet, whiskey; FD-factor: 25), furfural (sweet, woody; FD-factor: 25) and *trans*, *trans*-2,6-nonadienal (green, cucumber; FD-factor: 5) and *γ*-nonalactone (coconut, creamy; FD-factor: 5) were unique in LJC. In particular, pantolactone, which has a candy-like odor, could be confidently identified by GC-O with FD-factors of 5, 125, and 25 in LJF, LF, and LJC respectively, despite appearing as a trace compound in the GC-MS/FID analysis. The results suggested that the key odorants among LJF, LF, and LJC were quite different.

Principal component analysis {#sec014}
----------------------------

Volatile studies often result in large, complicated datasets \[[@pone.0237881.ref035]\]. PCA is often used as a statistical tool to improve the efficiency of data analysis. In this study, PCA was conducted to pinpoint the main areas of variation among different species, parts and origins of honeysuckle. PCA could also suggest specific volatile features that contributed most significantly to the differences observed between honeysuckle samples. In the present study, the key odorants that were identified by GC-O and contributed to the aroma of honeysuckle were selected for comparison by PCA instead of the total volatile composition by GC-MS/FID. This allowed for a more streamlined analysis of various honeysuckles by eliminating volatile compounds that were not confirmed to be significant aroma contributors in honeysuckle. The data collected from dry and brewed LJF (Shandong and Henan province, China), LF (Hunan and Hubei province, China), LJC, and LC extracted by HS-SPME and SAFE are shown in [Fig 4](#pone.0237881.g004){ref-type="fig"}.

![PCA biplot: (a) Dry honeysuckle samples using key odorants extracted by HS-SPME; (b) Brewed honeysuckle samples using key odorants extracted by HS-SPME; (c) Honeysuckle samples using key odorants extracted by SAFE; The numbers denote the corresponding volatiles reported in [Table 1](#pone.0237881.t001){ref-type="table"} for HS-SPME and SAFE loading plots.](pone.0237881.g004){#pone.0237881.g004}

[Fig 4(A)](#pone.0237881.g004){ref-type="fig"} shows the biplot of key odorants in various honeysuckle extracted by HS-SPME-GC/MS without brewing. In the plot, PC 1 and 2 accounted for 45.6% and 27.0% of variations, respectively. Heptanol (11), 1-nonanol (20), and furfural (12) contributed greatly to the separation of LF from other species and parts of honeysuckle. Both LF samples extracted by HS-SPME contained more abundant amounts of these compounds regardless of their origins, although 1-nonanol (20) had a relatively greater peak area in LF Hunan. Similarly, *γ*-nonanolactone (32), 2-methoxy-4-vinyl phenol (34), and vanillin (36) were found to determine the separation of LJC on the positive area of PC 1 and negative area of PC 2 in the plot. In [Fig 4(A)](#pone.0237881.g004){ref-type="fig"}, the plot shows that the two LJF samples were clustered together, despite having different origins. A similar observation was seen in the two LF samples. Hence, the origin likely had a smaller impact on the differences in volatile compounds than the species. On the other hand, LJC and LC were separated from each other in the plot.

The comparison of key odorants in honeysuckle after brewing extracted by HS-SPME is shown in [Fig 4(B)](#pone.0237881.g004){ref-type="fig"}. PC 1 and 2 accounted for 33.6% and 26.3% of the variations, respectively. In the plot, compounds, such as *α*-terpineol (21), furfural (12), 1-penten-3-ol (4) and octanol (17), determined the separation of LF from other species and parts of honeysuckle. *α*-Terpineol (21), furfural (12) and 1-penten-3-ol (4) were only detected in LF. Octanal (17) had a greater peak area in LF compared to other species. Similarly, hexanoic acid (24), *γ*-nonanolactone (32) and 2-methoxy-4-vinyl phenol (34) determined the plot on the positive area of PC 1 and PC 2. Hexanoic acid (24) shown a greater peak area in LJC. Similarly, to the dry samples, the separation was observed for different species, but not for different origins.

The results of key odorants of honeysuckle extracted by SAFE are shown in [Fig 4(C)](#pone.0237881.g004){ref-type="fig"}. PC 1 was 34.5%, and PC 2 was 29.1%. In the plot, 1-(2-furanyl)-ethenone (14), linalool (16), 1-nonanol (20), and 3-methyl-2-butenal (5) determined the separation of LF on the positive area of PC 1 and the negative area of PC 2. 3-Methyl-2-butenal (5), 1-(2-furanyl)-ethenone (14), linalool (16), and 1-nonanol (20) were only found in LF. Compounds, such as *trans*, *cis*-2,6-Nonadienal (18),) *γ*-nonalactone (32), 4-ethyl phenol (33), 2-methoxy-4-vinyl phenol (34) and vanillin (36), were found to determine LJC on the negative area of PC 1 and PC 2. *trans*, *cis*-2,6-Nonadienal (18) was only found in LJC, while the other four compounds had greater peak areas in LJC. Again, clustering was observed for LJF and LF of different origins. *γ*-Nonalactone (32) and 2-methoxy-4-vinyl phenol (34) determined the separation of LJC, and 1-nonanol (20) and furfural (12) determined the separation of LF from the other various honeysuckle extracted by HS-SPME and SAFE.

Conclusion {#sec015}
==========

In this research, it was found that HS-SPME was able to extract volatile aldehydes more efficiently than SAFE, with larger peak areas obtained in the dry flowers of honeysuckle than in the brewed samples. With the help of SAFE, volatile compounds were minimally modified, and the compounds of lower volatility (e.g., eugenol, decanoic acid, and vanillin) were significantly enhanced. Based on the AEDA results, 36 key odorants were identified across LJF, LF and LJC SAFE extracts. Compounds with the highest FD-factors were 4-ethyl phenol, decanoic acid, 3-methyl-2-butenal, *β*-ionone, *γ*-octalactone, and vanillin, and the concentrations of key odorants among different honeysuckle species and parts were noted to be quite varied. PCA classified various honeysuckle extracted by HS-SPME and SAFE by using key odorants, and clustering was observed for flowers of the same species regardless of origins. The results concluded that the key odorants may potentially be used to discriminate honeysuckle by species. Therefore, this systematic analytical approach is important for determining the volatile compounds of various honeysuckles and would definitely provide the basis for extending the application of honeysuckle in food products.

Supporting information {#sec016}
======================

###### Identification of volatile compounds in dry and brewed *Lonicera japonica Flos*, *Lonicera japonica Caulis*, *Lonicera Flos*, and *Lonicera Caulis* extracted using HS-SPME (80°C for 30 min).

(DOCX)

###### 

Click here for additional data file.

###### Identification of volatile compounds and concentration (ng/mL) in *Lonicera japonica Flos*, *Lonicera Flos*, *Lonicera japonica Caulis*, and *Lonicera Caulis* extracted using SAFE.

(DOCX)

###### 

Click here for additional data file.
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Line 160: Rephrase "volatile compounds of honeysuckle (dry and brewed)" as "volatile compounds from honeysuckle (both dry and brewed)"
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Reference Number: PONE-D-20-11596

Dear Editor and Reviewers,

We wish to thank you for the time and effort spent on reviewing our manuscript. Motivated by your extensive and insightful comments, we have modified the manuscript and hope that the revised version will be reconsidered. Our responses to your questions, comments and suggestions (repeated below for your convenience) are as follows:

Editor's comments:

1\. Please can you provide the following information about the honeysuckle collection:

\- the specific locations of the sites from which the honeysuckle samples were collected (including geographical coordinates)

Authors' answer:

Thank you for your suggestion. I have added the specific locations of the honeysuckle samples in the section of sample preparation.

\- details of any permits/permissions obtained to collect the samples.

Authors' answer:

Thank you for your suggestion. I have provided the permissions in the section of sample preparation.

2\. Please include a copy of Table 3 which you refer to in your text on page 4.

Authors' answer:

Thank you for your suggestion. I have corrected the error and changed the Table 3 with Table 1.

Reviewer \#1's comments:

General comments:

The article is interesting, the experiment is well-planned and clearly described. The methods are adequately described; the choice of samples and components on chromatograms is justified.

Authors' answer:

Thank you for your affirmation of our work.

1\. There are questions on statistical data processing: how many samples were investigated in parallel? Figures 1, 2 show very small ranges of variation for individual components, is this really so? In order for the intervals to be such, the number of parallel-studied samples should be large. If so, then the values in the statistical columns are significantly different and the corresponding p values should be calculated.

Authors' answer:

Thanks for your question. Every sample was carried out in triplicate at each extraction condition. Among the six selected compounds in Figures 1 and 2, the compound with the greatest peak area was about 106 times larger than the compound with the smallest peak area. Hence, the log scale was chosen as the ordinate to show the trends of all six compounds clearly on the coordinate axis. Given your insight, we have changed the coordinates of Figures 1 and 2 for greater ease of understanding. As you suggested, the p-values have also been added in the figures.

2\. Regarding PCA: it is not indicated whether the 2 main components are sufficient to separate the groups. Figures 3b are uninformative, it may be better to give a correlation circle or simply give the values of the correlation coefficients with the composition of the honeysuckle. The conclusions and annotations refer to classification, but no numerical characteristics of the classification are mentioned.

Authors' answer:

PC 1 and PC 2 account for the vast majority of the variation. This indicates that a 2-D graph, using just PC 1 and PC 2, would be a sufficient representation of significant areas of variation and it would account for a considerable 72.6 % (Figure 4(a)), 59.9 % (Figure 4(b)), and 63.6 % (Figure 4(c)) of the total variation in the data. In addition, we noted that the samples in the 2-D graph can be well separated, and areas of variation are clear (as opposed to the 3-D graph). As suggested, we replotted the PCA by R programming language for added detail, and the correlation circle was added in the biplot.

3\. It also seems to me that it would be appropriate to give an example of a chromatogram and give in the text of the article a table with the quantitative content of the determined components, since it is not very convenient to refer to additional materials.

Authors' answer:

Thanks for your suggestion. The chromatogram has been added in the manuscript.

Reviewer \#2's comments:

General comments:

In this paper, a full and systematic characterization of key odourants in honeysuckle is interestingly presented and discussed. The use of HS-SPME and SAFE in combination with GC-MS and AEDA with GC-O represents a valid approach for the chemical characterization of the volatile fraction of honeysuckle and the identification of the aroma, which is generally based on experienced tasters.

Authors' answer:

Thank you for your affirmation of our work.

Main general comments:

i\) Several sentences along the text are unclear or incorrect. Please improve your writing skills in English, thus restating the text more clearly.

Authors' answer:

Thanks for your suggestion. We have corrected the unclear and incorrect sentences in the manuscript.

ii\) In the "Results and Discussion" section, the discussion is not extremely exhaustive. Please furnish a more comprehensive discussion of your data with respect to the literature.

Authors' answer:

Thanks for your suggestion. We have furnished the discussion of the results based on the corresponding references.

Specific comments:

Abstract:

1\. Line 29: Change "polarity" with "polar"

Authors' answer:

Thank you for your correction. We have corrected the word error on line 30.

2\. Line 34: "Finally, principal component analysis (PCA) analysed". Unclear sentence, restate. PCA cannot be the subject of this sentence.

Authors' answer:

Thank you for pointing out our mistakes. We have corrected the unclear sentence on line 35.

3\. Line 35: In the sentence "Their results suggested that..". What does "Their" refer to?

Authors' answer:

Thanks for your correction. We have changed "Their" with specific information on line 36.

4\. Line 38: Too vague.

Authors' answer:

Sorry to make you confused and thank you for your question. We have corrected the sentence on line 39.

Introduction:

1\. Line 46: After reference \[1\] put a dot and start the following sentence as "It has been consumed..."

Authors' answer:

Thanks for your suggestion. We have added a dot on line 48 after reference \[1\].

2\. Line 47: Rephrase "In addition to treat pneumonia and respiratory infection and improve consumers' health,.." as "In addition to the treatment of pneumonia and respiratory infection and the improvement of consumers\' health,.."

Authors' answer:

Thank you for pointing out our mistakes. We have corrected the sentence on line 49 and 50.

3\. Line 53: Rephrase "but the quality of honeysuckle is evaluated by professional tasters presently that.." as ". At present, the quality of honeysuckle is evaluated by professional tasters that.."

Authors' answer:

Thanks for your correction. We have corrected the sentence on line 55 and 56.

4\. Line 59: Change "techniques" with "approaches".

Authors' answer:

Thank you for your suggestion. We have changed "techniques" with "approaches" on line 61.

5\. Line 66: Change "polarity" with "polar"

Authors' answer:

Thanks for your correction. We have changed "polarity" with "polar" on line 68.

6\. Line 75: Rephrase "Hence, the aromas of different honeysuckle species were difficult to distinguish." as " Hence, it was difficult to distinguish between the aromas of different honeysuckle species"

Authors' answer:

Thank you for pointing out our mistakes. We have corrected the sentence on line 77.

7\. Line 82: Change "and analysed by GCMS" with "both coupled to GCMS"

Authors' answer:

Thank you for your correction. We have corrected the sentence on line 84.

Materials and methods:

1\. Line 91: put a comma before "but".

Authors' answer:

Thanks for your correction. We have added a comma before "but" on line 93.

2\. Line 98: "All samples were stored at 5 ℃ in airtight aluminium sachets until use." How long? What about the influence of humidity? May be advisable the use of desiccants?

Authors' answer:

Thank you for your question. One-kilogram honeysuckle samples were sealed in a package. After opening, every 100 g sample was put into a small heat-sealed vacuum aluminium foil bag and stored in the 5 ℃ refrigerator. The aluminium foil bag can isolate the outside humidity, so no desiccant is needed. All samples are used within one week after repacking. Once each bag of sample was opened, it will not be used again. We have added the information on line 96-105.

3\. Line 102: "0.200 g of each honeysuckle species" do you refer to flowers, stem or both? Please specify in the text.

Authors' answer:

Thank you for your question. We have added the information on line 109. LJF (Shandong and Henan), LF (Huan and Hubei), LC, and LJC were all extracted by HS-SPME. Hence, 0.200 g of each sample was weighted and put in the headspace vial.

4\. Line 104: If the numbers refer to nominal values, please express them as integer and change along the text.

Authors' answer:

Thanks for your suggestion. The measurement scale of the balance we used is accurate to three decimal places or one decimal place. Hence, 0.200 g has three decimal places. The information of balance has been added on line 109.

5\. Line 109: Specify the extraction conditions, i.e. time and temperature

Authors' answer:

Thanks for your suggestion, the extraction time and temperature have been added in the manuscript on line 118 to 120.

6\. Line 110: Change "followed by GC analysis" with "for the subsequent GC analysis"

Authors' answer:

Thank you for pointing out our mistakes. We have corrected the sentence on line 120.

7\. Line 112: Rephrase "but the sample size was increased to 60.000 g and 600.0 g of Ultrapure water was used" as "but in this case 60 g of sample and 600 g of Ultrapure water were used"

Authors' answer:

Thanks for your correction. We have corrected the sentence on line 123.

8\. Line 113: Internal standard solution (0.060 g). Does this weight correspond to 50 mL of the solution prepared in ethanol?

Authors' answer:

Sorry to make you confused, and we have rephrased this sentence for a better understanding. 0.300 g butyl butyryl lactate was added in 250 mL volumetric flask, then dilute to the desired volume with ethanol. This solution was then referred to as the internal standard. Then, 0.060 g internal standard solution was added to 300 mL filtrate sample solution.

9\. Line 114: "was added to 300 mL of filtrate" Is it the chilled filtrate? Where exactly was the filtrate contained? Which was the container? Please add this information.

Authors' answer:

Sorry to make you confused, and we have rephrased this sentence and added the following information in the manuscript for a better understanding. 60.000 g of honeysuckle was added in 600.0 g of 80 ℃ Ultrapure water. After brewing, the mixture was filtered through a metal sieve and chilled in an ice bath for 10 min. 300 mL of the chilled filtrate was then transferred into a 500 mL beaker. Internal standard solution (0.060 g) was added to the 300 mL of filtrate and stirred for 5 min.

10\. Line 115: Why choosing butyl butyryl lactate as internal standard?

Authors' answer:

Thank you for your question. The peak of butyl butyryl lactate does not coelute with the other naturally-occurring compounds in honeysuckle (validated by overlaying the chromatograms for the internal standard, and for all samples of honeysuckle that were unspiked). In addition, the retention time of butyryl lactate is in the middle of all volatile compounds in honeysuckle based on our GC set-up and method applied. Hence, butyl butyryl lactate was chosen as internal standard.

11\. Line 135: What does "Mean values" refer to? Peak area? Peak intensity? Peak area corrected with respect to internal standard (if used)?

Authors' answer:

Thanks for your question. "Mean values" refer to the average peak area of each compound extracted by HS-SPME and average concentration of each compound extracted by SAFE. We have added the information under the S1 and S2 table.

12\. Line 141: Add a brief description of FD-factor.

Authors' answer:

Thanks for your suggestion. We have added the description of FD-factor in section 2.5 of the manuscript.

13\. Line 143: What do you mean exactly with odour quality?

Authors' answer:

Thanks for your question. The odour quality means odour description, such as floral and fruity. We have changed the "odour quality" with "odour description" for easier understanding in the manuscript.

14\. Lines 146-148: Restate the sentence more clearly

Authors' answer:

Thanks for your suggestion. We have rewritten part of section 2.6 in order to improve the clarity of the content.

15\. Line 149: Why using the Benjamini-Hochberg Multiple Testing Correction?

Authors' answer:

Thanks for your question. We have changed the method of the calculation of PCA using R instead. The data was processed and transformed with data.table and magrittr packages and visualized them with ggplot2, ggbiplot, and patchwork packages.

16\. Line 152: Rephrase "entity list were used" as "entity list and were used".

Authors' answer:

Thanks for your correction. We have rewritten the part of section 2.6.

Results and discussion

1\. Line 157: Change "lead" with "could lead"

Authors' answer:

Thanks for your correction. We have added "could" before "lead".

2\. Line 158: Add a reference after "recovery."

Authors' answer:

Thanks for your suggestion. We have added the following references.

<https://doi-org.libproxy1.nus.edu.sg/10.1111/j.1750-3841.2011.02474.x> <https://doi.org/10.1016/j.foodres.2019.02.044>

3\. Line 160: Rephrase "volatile compounds of honeysuckle (dry and brewed)" as "volatile compounds from honeysuckle (both dry and brewed)"

Authors' answer:

Thank you for pointing out our mistakes. We have corrected the sentence on line 187.

4\. Lines 165-168: Why did you make a list of five compounds as indicators and then you discussed the results with respect to some others, e.g. (e.g. 2-butenal, heptanal, trans-2-hexenal, benzaldehyde, geraniol, octanol, and 2-phenylethyl alcohol)? Please, restate sentence at line 161 and describe here the overall panel of indicators, with more or less 3-4 compounds for each chemical class.

Authors' answer:

The comparison and grouping were conducted based on the chemical functional groups of the compounds. For example, hexanal was chosen as the representative of aldehyde compounds. 2-Butenal, heptanal, trans-2-hexenal, and benzaldehyde all contain an aldehylic functional group and were observed to undergo similar trends as hexanal. Geraniol, octanol, and 2-phenylethyl alcohol all contain the hydroxyl group and had the same trend with cis-3-hexenol and benzyl alcohol.

5\. Line 170: Hexanal or hexenal? Please correct.

Authors' answer:

Thanks for your correction. We have changed "hexenal" with "hexanal" in the manuscript.

6\. Line 174: "higher peak areas" How much higher? Be specific and express in percentage with respect to the temperature.

Authors' answer:

Thanks for your suggestion. We have calculated the corresponding p-values and added them on the figure 1 and 2. We hope that this makes it easier to see the differences between different extraction conditions.

7\. Line 178: Rephrase "trends as peak areas increasing with extraction temperature increase after 60 °C" as "as the peak areas increase when the extraction temperature is above 60°C".

Authors' answer:

Thanks for your suggestion. We have rephrased the sentence on line 202.

8\. Line 182: "various extraction times at 80 °C" Did you work one factor at a time? Why did you not use experimental design for the optimization of the extraction step?

Authors' answer:

Thanks for your suggestion. It is more reasonable to use an experimental design for the optimization of the extraction step. However, considering that the focus of this manuscript is to determine the key aroma compounds and distinguish different types of honeysuckle, we referred to the optimization conditions of other natural plants instead. This led us to select and optimise some specific extraction times and temperatures. It was finally decided to determine the most suitable extraction temperature and time from the extraction conditions mentioned in the manuscript. The reference is shown below.

<https://doi.org/10.1016/j.lwt.2018.04.058>

9\. Line 185: Largest??? What do you mean? Please change.

Authors' answer:

Thanks for your correction. We have changed "largest" with "greatest".

10\. Line 187: "the peak area of hexanal first decreased and then increased" Be specific on the timeframe of decrease/increase.

Authors' answer:

Thanks for your suggestion. We have specified the information in the manuscript.

11\. Line 189: When referring to LJC and LJF, do you mean dry LJC and LJF? Please specify.

Authors' answer:

Thanks for your question. We have specified the information on line 221 in the manuscript.

12\. Line 190: "Because" is not required. Please change.

Authors' answer:

Thanks for your suggestion. We have deleted "Because" on line 222.

13\. Line 193: Please add "both in dry and brewed samples" ate the end of the sentence.

Authors' answer:

Thanks for your suggestion. We have added the information on line 225.

14\. Line 197: Tentatively identified? Did you check with pure standards? In some cases you did not, thus it is just a tentative identification. Please add this information

Authors' answer:

Thanks for your suggestion. We have added the information on line 239 in the manuscript.

15\. Line 198: Rephrase "were preferential" as " were preferentially found"

Authors' answer:

Thanks for your suggestion. We have rephrased the sentence on line 240.

16\. Line 199: "identified". This was true, only if the retention time and MS spectrum was matched with that of the corresponding pure standard. Some of the compounds reported in table were just tentatively identified.

Authors' answer:

Thanks for your suggestion. We have replaced "identified compounds" by "results" on line 241.

17\. Line 199: In S1 Table, does the mean ± dev std refer to the peak area? The peak area of the full scan or EIC chromatogram? If EIC, please specified the selected ion in the table?

Authors' answer:

Thanks for your question. The mean ± dev std refers to the average peak area of each compound. Volatile compounds in honeysuckle were detected by GC-MS/FID. Hence, the peak area was obtained from FID detector.

18\. Line 203: Restate the sentence more clearly

Authors' answer:

Thanks for your suggestion. We have restated the sentence on line 246 to 248.

19\. Line 207: "This might be due to different extraction methods.." Explain better. Which are the main differences between your extraction procedure and the common one?

Authors' answer:

Thanks for your suggestion. We have specified the information on line 252.

20\. Line 210: "they only focused on one species". On which one? Be specific

Authors' answer:

Thanks for your suggestion. We have specified the information on line 257.

21\. Line 216: In S2 Table, does the mean value refer to a mean concentration? Explain more clearly in the materials and methods section how exactly it was obtained (preparation of calibration curves) and calculated

How did you obtained the concentration of compounds whose pure standards were not available in lab?

Did you normalize the data to the internal standard to control the analyte variations across the entire analytical procedure? If you did, please specify. If you did not, how could you assess the reliability of your experiments?

Authors' answer

Thank you for your question. We have added the explanation in the materials and methods.

The calculation of the concentration of compounds based on the formula that the ratio of the peak area of internal standard to its concentration is equal to the ratio of the peak area of each compound to the concentration of the corresponding compound. In this formula only the concentration of the compound is unknown. Hence, we utilised the internal standard peak ratio to semi-quantify the other volatile compounds present.

As the concentration of each compound was further utilised when using PCA to compare different types of honeysuckle, these compounds were additionally verified by pure standards and GC-O simultaneously. Hence, the results are reliable.

22\. Line 217: Please insert in the text just few examples of the compounds listed in S2 Table and the agreement with chemicals reported the literature

Authors' answer

Thanks for your suggestion. We have added the compounds listed in S2 Table in the manuscript. To our best knowledge, this is the first time that volatile compounds were extracted by SAFE from honeysuckle. The results were well-corroborated as most of the volatile compounds extracted by SAFE are similar to those extracted by other extraction methods such as HS-SPME and SDE. The results were obtained by comparing S1 table and S2 table and referring to literature.

23\. Line 218: Change "polarity" with "polar"

Authors' answer

Thanks for your correction. We have changed "polarity" with "polar" on line 271.

24\. Line 243: Not detected means a FD below XXX? Please specify.

Authors' answer

Thanks for your suggestion. The FD factor of decanoic acid is 625 in LJF but this volatile compound could not be smelled by panellists even in the dilution of 50 and it cannot be detected by GC-MS. Hence, decanoic acid was not detected in LJC and LF.

25\. Lines 273-274: "to pinpoint the main areas of variation among different species, parts and origins of honeysuckle in this study." Please restate as a separate sentence.

Lines 275-276: Rephrase "In this present study, key odourants were identified by GC-O, which contributed to the aroma of honeysuckle" as "In the present study, the key odourants that were identified by GC-O and contributed to the aroma of honeysuckle"

Authors' answer

Thanks for your suggestion. We have corrected the two sentences as suggested on line 325 and 328, respectively.

26\. Line277: Among the HS-SPME-GC/MS AND SAFE-GC/MS data, did you just select the compounds identified through GC-O? Compounds identified through the match with standard or also tentatively identified? Explain more clearly.

Authors' answer

Thanks for your question. Panellists described the odour of each compound and indicated the retention time of the odour by GC-O. The name of these compounds was identified by injection of pure standards. Hence, these key odourants we selected were identified through GC-O, MS, LRI and pure standards. We have added the information in the materials and method based on your question.

27\. Line 287: Larger??? Please change.

Authors' answer:

Thanks for your correction. We have change "larger" with "greater" on line 343.

28\. Line 289: In which direction of the plot?

Line 293: In which direction? In correspondence of which variable?

Line 298: In which direction? Be specific

Authors' answer:

Thanks for your question. We have added the information on line 345, 350, and 356.

29\. Line 299: Larger??? Please change.

Authors' answer:

Thanks for your correction. We have change "larger" with "greater" on line 357.

Conclusion

Line 327: "approach is critical". Please change "critical". It has a negative meaning.

Authors' answer to conclusion:

Thanks for your suggestion. We have changed "critical" with "important" on line 395.
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